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DOUBLE FLANK WORM GEAR MECHANISM 

CROSS REFERENCE TO RELATED APPLICATION 

This application claims the benefit of United States Provisional Patent 
Application No. 60/168,369, filed December 1, 1999, the content of which is 
incorporated herein by reference in its entirety. 

TECHNICAL FIELD 

This disclosure relates to the delashing of worm gear assemblies, and, 
more particularly, to the delashing of a worm/worm gear assembly through the use of 
double flank contact maintained between a worm gear and a worm. 

BACKGROUND 

Gear assemblies typically comprise a drivable gear (e.g., a worm gear) 
engaged by a pinion (e.g., a worm). In order to permit relative motion between the 
drivable gear and the pinion, a clearance should be maintained between the teeth of 
the drivable gear and the teeth of the pinion when the two gears are engaged. This 
clearance is known as backlash. In a gear assembly with no backlash, the meshing of 
the teeth between the gears will be so tight that, absent any deflection of the teeth, the 
gears will bind and cause the gear assembly to jam. In a gear system with any degree 
of backlash, however, an audible noise is produced by the movement of the teeth of 
one gear through applicable backlash and into contact with the teeth of the other gear. 

In a worm/worm gear assembly, a worm gear is engaged and driven by 
a worm. Both worm gears and worms are typically fabricated from metal and are 
configured such that the teeth of the worm are aligned with the spaces defined by the 
teeth of the worm gear. The teeth of the worm are usually aligned with spaces defined 
by the teeth of the worm gear such that clearance exists in the meshing of the teeth of 
each gear. Furthermore, because of the inflexibility of the metallic teeth, the planar 
surfaces of the flanks, and the need to maintain the clearance, one flank surface of 
each tooth of the pinion engages one flank surface of each tooth of the driven gear to 
result in single flank contact. Systems using single flank contact typically employ a 
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contact area uniformly distributed across the surfaces of the engaged flanks. The 
uniformly distributed contact area, in conjunction with the clearance between the 
engaged teeth, is a factor that contributes to the audible noise produced during the 
driving of the worm gear by the worm, particularly during periods when the rotational 
5 direction of the worm is reversed to reverse the direction of rotation of the worm gear. 
Such noise, although not indicative of a defect in the worm/worm gear assembly, 
generally proves to be undesirable, especially when the worm/worm gear assembly is 
located within the passenger compartment of a motor vehicle. 

The reduction of backlash and the minimization of noise have been 
10 achieved in the related art through the use of split gears, which typically comprise two 
gear halves mounted side-by-side and wherein each gear half includes a plurality of 
teeth. A spring is positioned between each gear half to bias each gear half in opposing 
rotational directions. The opposing rotational directions cause flank surface contact to 
be maintained between a tooth on one of the gear halves and a tooth of a gear with 
15 which the split gear is in contact while simultaneously causing flank surface contact to 
be maintained between the aligned tooth on the other of the gear halves and an 
opposing flank surface of the tooth of the gear with which the split gear is in contact. 
Such a structure allows for double flank surface contact to be maintained between 
successive teeth in a gear set, which reduces or eliminates backlash in the gear set, 
20 thereby minimizing noise. However, because of the tension on the spring, both the 
contact force and the size of the contact area maintained by the teeth of the split gear 
on the successive teeth of the gear with which the split gear is in contact remain 
constant regardless of the load imposed on the gear set. Constant force and contact 
area size cause the contact pressure to vary, which thereby causes constant fhctional 
25 forces to be experienced by the gear flank surfaces as the load varies. Such constant 
frictional forces in turn cause a constant degradation of performance within the gear 
set. 

SUMMARY 

30 A worm/worm gear assembly comprises a metal worm and a worm 

gear fabricated from a resilient material. The worm and the worm gear are maintained 
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in compressive engagement such that double flank contact is maintained therebetween 
in low- and no-load conditions. One use of such an assembly is to provide torque 
assist at the steering column of a steering assist system of a motor vehicle. The torque 
assist is effectuated using a drive motor and a hand steering device maintained in 
5 mechanical communication with the worm/worm gear assembly. The hand steering 
device, through which operator inputs are received by the steering assist system, is 
typically a hand steering wheel. The operator inputs are sensed through torque and 
position sensors in electronic communication with the steering assist system. The 
proper amount of torque assist is then applied to the worm/worm gear assembly 
10 through the drive motor to assist in the rotation of the steering column. 

The worm/worm gear assembly comprises a worm having teeth defined 
by at least one thread disposed thereon and a worm gear having flexible and 
uninterrupted teeth protruding from a surface thereof. The worm and the worm gear 
are interengaged and in a compressive relationship with each other such that opposing 
15 flanks of the teeth of each interengage. Opposing flanks of each tooth are typically 
arcuately formed. Causing the opposing flanks of a tooth of the worm to engage the 
facing flanks of two successive teeth of the worm gear results in "double flank 
contact". At low- or no-load conditions, the contact between the flank surfaces is 
maintained at the opposing outer edges of the teeth of the worm gear. At moderate- 
20 load conditions, the contact between the flank surfaces extends from the opposing 
outer edges of the teeth toward the center of the teeth of the worm gear. At least one 
of the worm and the worm gear are fabricated from a resilient material such as a 
polyamide in order to allow for flexibility between the teeth of the worm and the 
worm gear during double flank contact. The flank surfaces of each of the teeth of the 
25 worm and the worm gear are contiguous so as to provide an uninterrupted boundary 
for a lubricant disposed on the assembly. 

A method for delashing a gear system comprises pressing the worm 
into mechanical communication with the worm gear to result in double flank contact. 
The double flank contact is maintained at the opposing edges of each of the successive 
30 worm gear teeth and consequently the worm teeth during low- or no-load conditions 
and extends toward the center of each of the successive worm gear teeth and 
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consequently the worm teeth during moderate-load conditions. The loading of the 
worm gear to effectuate thb compressive engagement typically includes matching the 
worm with the worm gear to attain the most efficient combination for the optimum 
performance of the worm/worm gear assembly, 

A method of transmitting the detections of variations in a road surface 
over which a motor vehicle having the worm/worm gear assembly incorporated 
therein includes disposing the worm in a flexible relationship with the worm gear, 
mounting the worm/worm gear assembly into a steering assist system, maneuvering 
the motor vehicle over the road surface, and sensing variations in the road surface 
through a steering device disposed in mechanical communication with the steering 
assist system. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE 1 is a side view of a worm/worm gear assembly in 

compressive engagement. 

FIGURE 2 is a plan view of the teeth of a worm gear and the space 

therebetween. 

FIGURE 3 is a plan view of a tooth of a worm engaged with a worm 

gear. 

FIGURE 4A is a plan view of a tooth of a worm gear showing a 
contact patch resulting from a no- or low-load condition imposed thereon. 

FIGURE 4B is a plan view of a tooth of a worm gear showing a contact 
patch resulting from a moderate-load condition imposed thereon. 

FIGURE 5 is a plan view of a tooth of a worm disposed between 
successive teeth of a worm gear. 

DETAILED DESCRIPTION 

Referring to FIGURE 1, a worm/worm gear assembly is shown 
generally at 10. Worm/worm gear assembly 10 is directionally reversible and 
comprises a worm, shown generally at 12, and a worm gear, shown generally at 14 
disposed relative to each other such that the teeth of each (described below) are 
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arranged in an intermeshing double flank contacting relationship. Worm 12 is 
supported at its ends and is mounted so as to define a longitudinal axis of rotation 16 
along a length thereof. Worm gear 14 includes a body portion 18 mounted and 
supported at its geometric center to define an axis of rotation 20 therethrough. In 
5 worm/worm gear assembly 10, axis of rotation 20 is substantially perpendicular to 

axis of rotation 16. 

Worm 12 includes at least one continuous thread spirally disposed 
about a body portion 22 to define a plurality of teeth, shown generally at 24, while 
worm gear 14 includes a plurality of teeth, shown generally at 26, protruding from an 

10 edge thereof to define a plurality of spaces 28. Although worm gear 14 is referred to 
hereinafter as being fabricated from the resilient material, it should be understood that 
either or both worm 12 or worm gear 14 can be fabricated from a resilient material in 
order to facilitate the flexing of teeth 24, 26 with respect to worm 12 or worm gear 14 
during the operation of worm/worm gear assembly 10. The resilient material from 

15 which worm 12 or worm gear 14 is fabricated may be a polyamide. In particular, the 
resilient material may be a nylon. 

Referring now to FIGURE 2, a pair of teeth 26 of worm gear 14 and 
space 28 defined therebetween is shown. Each tooth 26 is contiguously formed with 
body portion 18 and comprises opposing flanks, shown generally at 30a and 30b, 

20 extending away from body portion 1 8 and a crown 34 extending between flanks 30a, 
30b of each tooth 26 at points most distal from body portion 18. Because worm gear 
1 4 is created helically, a helix angle a is defined by the thread forming teeth 26 and 
body portion 18. 

Each opposing flank 30a, 30b is arcuately formed and concavely 

25 oriented relative to its corresponding tooth 26. The surface of each flank 30a, 30b is 
uninterrupted and comprises outboard portions 38 (first location) and a center portion 
40 (second location) disposed intermediate outboard portions 38. Outboard portions 
38 correspond with the portions of flanks 30a, 30b positioned at the outer edges of 
worm gear 14 and serve as contact surfaces for the flanks of the teeth of the worm 

30 when worm gear 14 is engaged by the worm. 
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Referring to FIGURE 3, tooth 24 of worm 12 is shown. Tooth 24, like 
the teeth of the worm gear,^ is contiguously formed with body portion 22 and 
comprises opposing flanks, shown generally at 42a and 42b, extending away from 
body portion 22 and a crown 44 extending between each flank 42a, 42b at points 

5 distal from body portion 22. Because worm 12 is created helically, a helix angle (3 is 
defined between the thread forming teeth 24 and body portion 22. Helix angle /? is 
typically less than the helix angle of the worm gear so that a gap is defined between 
the teeth of the worm gear and tooth 24 of worm 12 when worm 12 and the worm gear 
intermesh in order to force the teeth of worm 12 to outboard portions 38 of teeth 26. 

10 Each opposing flank 42a, 42b is arcuately formed and convexly 

oriented relative to its corresponding tooth 24. In a manner similar to that of the 
worm gear, the surface of each flank 42a, 42b is uninterrupted and comprises outboard 
portions 48 and a center portion 50 disposed intermediate outboard portions 48. 
Outboard portions 48 correspond with the portions of flanks 42a, 42b positioned at the 

15 outer edges of worm 12 and serve as contact surfaces for the flanks of the teeth of the 
worm gear when worm 12 compressively engages the worm gear. 

Referring to FIGURES 1, 2, and 3, worm/worm gear assembly 10 is 
delashed when both worm 12 and worm gear 14 are properly compressively engaged 
with each other. During proper compressive engagement, which is typically about 50 

20 microns to about 100 microns, teeth 26 of worm 14 are flexible relative to teeth 24 of 
worm 12. This flexibility is a function of the resiliency defined by the nature of the 
material of fabrication of worm gear 14 and the spring rate associated with tooth 26. 
The spring rate, in turn, is a function of the architecture of tooth 26, which may be 
defined at least in part by the concavity of flanks 30a, 30b and the helical orientation 

25 of the thread. The particular geometries involved cause the spring rate to be variable, 
increasing and decreasing in smooth manners upon deflection of tooth 26. Because of 
such flexibility, contact is maintainable between outboard portions 48 of teeth 24 of 
worm 12 and outboard portions 38 of teeth 26 of worm gear 14 at low- or no-load 
conditions without binding. Such contact is hereinafter referred to as "double flank" 

30 contact. Although double flank contact would normally result in the jamming or 
binding of the gears when both gears are fabricated of metal or some other 
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substantially inflexible material, double flank contact in worm/worm gear assembly 
10, because of the resiliency of the material of fabrication and spring rate of tooth 26 
itself, allows worm/worm gear assembly 10 to function without jamming or binding. 

By maintaining double flank contact at low- or no-load conditions, 

5 worm/worm gear assembly 10 can be operated so as to effectively eliminate audible 
noise and feedback due to a reversal of the rotation of worm 12 to drive worm gear 14 
in an opposing direction. In worm/worm gear assembly 10, such an operation does 
not necessitate the contact of two non-contacting teeth, which would otherwise 
generate noise. Without double flank contact, a reversal of the rotation of worm 12 to 

10 drive worm gear 14 in an opposing direction causes the worm teeth to move through 
the backlash space and then contact an opposing flank surface of worm gear 14 to 
result in an audible noise and distortional feedback being transmitted to the operator 
of the motor vehicle through the steering device. Any distortional feedback, which is 
essentially a "shock load" imposed on the system, excites all frequencies of the system 

15 and is, therefore, magnified. The variability of the spring rate discussed above and 
due to the material of fabrication and tooth architecture acts as a shock absorber and 
makes the distortional feedback transparent to the operator. Additionally, the 
flexibility of the material allows only a minimum amount of turning torque to exist 
within worm/worm gear assembly 10, which in turn allows the road feel to be sensed 

20 by the operator of the motor vehicle. 

One manner of maintaining the double flank contact between teeth 24, 
26 of worm/worm gear assembly 10 can be achieved through the alteration of helix 
angles a, j8 of worm 12 and worm gear 14. Such alteration of helix angles a, /3 allows 
for contact to be maintained on facing flanks of teeth 26 of worm gear 14 when no 

25 additional torsional load is imposed on worm/worm gear assembly 10. Alteration of 
helix angles a, /? can be attained by changing the dimensions and positioning of teeth 
24, 26, or it can be attained by skewing axes of rotation 16, 20 of either or both of 
worm 12 and worm gear 14. The resulting double flank contact allows for a smooth 
power transmission between worm 12 and worm gear 14, a smooth transition between 

30 spring rates, and a minimum amount of turning torque. 
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Regardless of the manner of maintaining the double flank contact 
between teeth 24, 25, the architecture and material construction of worm gear 14 is 
such that as the load exerted thereon is increased and deflection of the contact area of 
each engaged tooth increases, the spring rate of worm gear 14 smoothly increases. 

5 The load on teeth 26 is imparted thereto through either flank 30a or flank 30b. The 
geometry of teeth 26 allows teeth 26 to be structurally flexible with an increasing 
spring rate proportional to the deflection. Under low- or no-load conditions, the 
double flank contact is maintained solely at outboard portions 38 of flanks 30a, 30b. 
Teeth 26 are substantially flexible near the low- and no-load contact areas because the 

10 spring rate is low at low deflection angles. Under moderate-load conditions, the 

spring rate increases due to higher deflection and the limits of the flexibility of teeth 
26 are approached. The higher spring rate enables the gear to carry the higher applied 
load, and the smooth transition avoids noise and undesirable feedback in the hand 
steering device. In addition to the higher spring rate of the material of worm gear 14 

15 with higher deflection, the area of contact expands in order to assist in carrying the 
higher load. 

Referring now to FIGURES 4A and 4B, the contact pattern between 
teeth 24 of worm 12 and teeth 26 of worm gear 14 is illustrated under the various load 
conditions. In FIGURE 4A, points of contact between the teeth of the worm and tooth 

20 26 of worm gear 14 are shown as contact patterns 52. The degree of flexibility of 
tooth 26 enables contact patterns 52 to be established. During low- or no-load 
conditions, two teeth of the worm engage tooth 26 of worm gear 14 only at two 
opposing outboard portions 38 of tooth 26. Successive teeth of worm gear 14 are 
similarly engaged by two successive teeth of the worm to maintain the double flank 

25 contact. As stated above, during a reversal of the direction of the worm/worm gear 
assembly and under a low-or no-load condition, because contact is maintained 
between successive teeth of the worm and worm gear 14, the teeth of the worm do not 
collide with teeth 26 of worm gear 14; they are already in contact with one another. 

In FIGURE 4B, contact patterns 52 extend from the two opposing 

30 outboard portions 38 of tooth 26 of worm gear 14 to the innermost portions of tooth 
26 of worm gear 14 and are indicative of the operation of the worm/worm gear 
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assembly under a moderate-load condition. It should be noted that the flank surfaces 
are uninterrupted afid continuous so that the transfer from outboard contact only to 
more inboard contact is achieved without noise and feedback associated with 
interrupted or multiple surfaces. In such a condition, successive teeth of worm gear 

5 14 are similarly engaged or "pinched" by two successive teeth of the worm to 

maintain the double flank contact. Because the moderate loading of the worm/worm 
gear assembly increases the load exerted on the worm and worm gear 14, contact 
patterns 52 extend from the outermost edges of outboard portions 38 toward center 
portions 50. However, under the moderate-load condition, successive teeth of worm 

10 gear 14 may be engaged solely on a single flank thereof, thereby maintaining single 
flank contact between the worm and worm gear 14. During a reversal of the direction 
of the worm/worm gear assembly under moderate loading in which only single flank 
contact is maintained, because double flank contact is not maintained between 
successive teeth of the worm and worm gear 14, the teeth of the worm collide with 

15 teeth 26 of worm gear 14 to produce an audible noise. 

By causing double flank contact to occur in a gear set having at least 
one gear manufactured of a resilient material in conjunction with the gear geometries 
disclosed herein, turning torque is kept to a minimum, rattle within the worm/worm 
gear assembly is minimized, and the gear set is audibly quiet. By delivering all three 

20 attributes, performance of a gear set is enhanced and significant benefit to the art is 
provided. 

It should be noted that although the worm/worm gear assembly has 
been described to carry no-load or low-load situations outboard on the worm and 
worm gear teeth, it is possible to construct a double flank contact system having a 

25 resilient material gear where low- or no-load situations are carried at the center (first 
location) of the worm and worm gear teeth with higher load situations being carried 
outboard (second location). In order to accomplish the desired goals of low turning 
torque, no rattle, and no noise in such a system, the center area of each tooth on the 
worm and worm gear would have an initially lower spring rate which increases with 

30 deflection, and the outboard section would have the higher spring rate (also increasing 
with deflection). 
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Referring now to FIGURE 5, worm/worm gear assembly 10 can be 
lubricated in such a manner so as to ensure smooth operation of worm/worm gear 
assembly 10, thereby ensuring the longevity of the parts involved. In particular, 
during a no-load condition, a gap 54 is defined between the outboard flanks of teeth 

5 24, 26 of the worm and the worm gear due to the particular geometry of worm/worm 
gear assembly 10 and in particular the difference between the helix angles of teeth 24 
of the worm and teeth 26 of the worm gear. Gap 54 is variably dimensioned to 
accommodate a lubricant (not shown) therein, the surface tension of which prevents 
the leakage of the lubricant from gap 54 except during periods of loading. During 

10 such periods of loading, a compressive force is applied to the flanks of teeth 24, 26, 
and the lubricant is squeezed out of gap 54 to a degree that corresponds with the 
compressive force of the loading. After being squeezed from gap 54, a thin film of 
the lubricant, the thickness of which is variable depending upon the force of 
compression, remains on each flank to lubricate teeth 24, 26, thereby reducing the 

15 friction therebetween. Upon the release of the compressive force, the volume defined 
by gap 54 increases and the pressure therein decreases to siphon lubricant that was 
previously squeezed out of gap 54 back into space 54. 

While preferred embodiments have been shown and described, various 
modifications and substitutions may be made thereto without departing from the spirit 

20 and scope of the invention, including the use of the geometries taught in other 

conventional worm/worm gear assemblies. Accordingly, it is to be understood that 
the apparatus and method have been described by way of illustration only, and such 
illustrations and embodiments as have been disclosed herein are not to be construed as 
limiting to the claims. 
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